














	 #$  %$& ' ($ $ )$&  * +#(),	 $ '
)0 $  0	 
 	 -&. + &    &
&&,
 12&34	#.&5	($	6/








Aberger M., Otter M. Modeling Friction in Modelica with the Lund−Grenoble Friction Model































  	 	 
		
   	  		 










  !"  #$% 	
  	
















































   !*"














  	 	 
  	  	 	




 		 		  	
  - 		
	






   	 	
   

  































    
 	  	 ' 	
   		 
		  	 




 	 #0% ,	  	
	  























   






















'   	 	
    		






  23    2  	   	 !

	"/












	   			
    /
 & 	 	 

 




	   	 



















   
 
	 !	
	      	 	
 
Modeling Friction in Modelica with the Lund−Grenoble Friction Model Aberger M., Otter M.
Modelica 2002, March 18−19, 2002 286 The Modelica Association












   	






















































 	  	 	   
			































 	 1	 ) 9 		 	
	<)/	 		   	





























 	  

2    		 

 
   		 

 	   
.	/   
	 




  		 

   
		 & 	


















.		   	 		   
 





/  & 	
























      	 









 .	  	





























' 1	 0  
















   	
 
     










	 		 7 &	 	
 	&
	




	 	 	 




		 	 	 














   	
   	





 	  	/
&
	/

































Aberger M., Otter M. Modeling Friction in Modelica with the Lund−Grenoble Friction Model
The Modelica Association 287 Modelica 2002, March 18−19, 2002
' 1	 +   	  	  





 	   
		   	
 	  
 	























































































































































'  	 













































   










<)0=    
	 	 
7	1		  	
? <# 2 )B ) )+% 
<)0












		 	  <$0









 	 ( 
	 +) $22)24))  

		 		 	





  	  (C.
	  
		
    
$A	'''	 2254 67:9
  





 => 	 !
	 









    
 




	  	 




Modeling Friction in Modelica with the Lund−Grenoble Friction Model Aberger M., Otter M.
Modelica 2002, March 18−19, 2002 288 The Modelica Association

































  	 
	 





































































 	 	  -A>	  		  










      	
 K	 	


















   		 &  
7	1		       	








  	 /
 &
  
 1   
/  & 	
 	  	 	
 	






	 		 &  		 

  
 	  7	1		  
  

			 		  	  
.	/
'	














 $064 $0*4 $06 $0*)
=

 )4*$ $0222 *2222 )$022
=1
	
 0 $ )22222 *2222 )$022
=5
	
































'		 (9.. :F1'G+ H>H:
-A>	
		#
% 26+4 )$+ )$$
-A>	
:'(	#
% 2**8 2+86 2+68
=
	
 $0)8 $0)4 $0)8
=

 *2* $0222 *2222
=1	
 820 )22222 *2222
=5	
 $6 + $02)2 *22)2
=K	
	
 )$2  
=




















Aberger M., Otter M. Modeling Friction in Modelica with the Lund−Grenoble Friction Model
The Modelica Association 289 Modelica 2002, March 18−19, 2002
































	   		 		  
























































 - 		 		  	

 































9	  7 		 &	 	
 	 
	    
 


















      	





   
  		  
		 &	  
 	  













   !) "
 	
 


































			    * 	  	


	   	 
  


















































Modeling Friction in Modelica with the Lund−Grenoble Friction Model Aberger M., Otter M.

















































 	 1	 8 	
	







   





	  		 &   -$ 1  
 -) /




























































































































































































































































































































Aberger M., Otter M. Modeling Friction in Modelica with the Lund−Grenoble Friction Model






















































 	 1	 )+
 	 	 	  
 	









   	






























































































































































T im e [s]































































































































































































9       	 	 
	  
 










    
  
 	











 <)2  =<)222  	
 

































































  	 	
 










    


	  )$$ 













   	


















Modeling Friction in Modelica with the Lund−Grenoble Friction Model Aberger M., Otter M.
























































































































 # %  		 















 	 	 
 	

































     
  	 
 







































































Aberger M., Otter M. Modeling Friction in Modelica with the Lund−Grenoble Friction Model
The Modelica Association 293 Modelica 2002, March 18−19, 2002
%"


























































# % 5 C































































































































































Modeling Friction in Modelica with the Lund−Grenoble Friction Model Aberger M., Otter M.
Modelica 2002, March 18−19, 2002 294 The Modelica Association
&&$%	>"
A	56
>"
	"%;7
&&9		
.1.2
.	"
1*&.$/1*27.&2
&%"71%:1%/%27
;01/1*&*2<-22
&&4		
		"77
1%"7.7.$:%7.7.$:
%-7*2
&&!	*.&	"
..>"
?	
"#$#!


%BC)?	

4*	

			
		
	33@	

		?%0	
	% 
	%
	'(	)*"""
	%-"
	%" 
	%+,--
	%-"
	.$/ 
$%!

	
	

	4%;
3A	A	12
'(	)*
0

''	
'.1		"2
3	

'(	).1		"2
.&	

	
4		

4
$%1%;72


5-6

'.		
		!.

3.
!	

3
3@

%.0	5"6

		
		%;""
	
&&		
	12	
.		1*27&.$
	1.8.		2

&&	!		
*102
1*2
&&$%	>"
A	56
>"
	"%;7
@.>"
&&9		
.1.2
.1*&.$/1*27.&2
&&4		
&%"71%:1%/%27
;01/1*&*2<-22
	@	
%;7%;71%"7.7.$
:%7.7.$:%-7*2
1	"
77
1%"7.7.$:%7.7.$:
%-7*22
BC)?	
